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The Skylab CMG momentum l e v e l  must be  c o n t r o l l e d  i n  
o r d e r  t o  c o n s t r a i n  t h e  momentum v a r i a t i o n  w i t h i n  s a t u r a t i o n  
l i m i t s .  

Two l a w s  are c u r r e n t l y  be ing  cons ide red  f o r  de te rmin-  
i n g  t h e  momentum t o  be dumped each  o r b i t .  The f i r s t ,  which u s e s  
sampled CMG momentum v a l u e s  from t h e  c u r r e n t  o r b i t  o n l y ,  i s  n o t  
l i k e l y  t o  cause  convergence of t h e  momentum l e v e l  t o  a g i v e n  
b i a s  l eve l .  The d i f f e r e n c e  depends upon how w e l l  t h e  o r b i t a l  
b i a s  momentum i s  estimated from t h e  sampling and how a c c u r a t e l y  
t h e  commanded dump momentum i s  a c t u a l l y  dumped. 

The second,  which u s e s  sampled CMG momentum from t h e  
p r e v i o u s  as w e l l  as t h e  c u r r e n t  o r b i t ,  does  c a u s e  convergence 
of t h e  momentum l e v e l  t o  a g iven  b i a s  l e v e l .  I t  i s  t h e  b e t t e r  
c h o i c e  u n l e s s  i t  can be shown t h a t  t h e  d i f f e r e n c e  r e s u l t i n g  
f r o m  u s i n g  t h e  f i r s t  l a w  c a n  be adequa te ly  p r e d i c t e d .  
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Introduction 

To constrain the Skylab CMG momentum within saturation 
limits, excess momentum is normally dumped each orbit by vehicle 
maneuvers on the dark side of the earth. The commanded momentum- 
to-be-dumped is determined just prior to the maneuvers by a dump 
law whose inputs are sampled values of CMG momentum at selected 
positions on the light side portion of the orbit. 

Two dump laws are currently being considered. The 
first, which might be called a Single-Orbit dump law, uses 
sampled momentum values only from the current orbit.* The 
second, which might be called an N-Orhit dump law, uses sampled 
momentum values from the previous as well as the current orbit. 

This memorandum deals with the effectiveness of each 
dump law in controlling the CMG momentum. 

Symbols 

Below is a list of symbols used in this memorandum. 
Some are described more fully in the text. 

= Orbital bias momentum % 

KO - 

H = Estimated value of % based on sampling -K 
= Estimate factor, where €IK - 

H = Bias momentum level -B 

*For the purpose of this discussion, an orbit is assumed to 
start at the termination of the previous orbit's dump maneuvers. 
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= Deviation of the CMG actual momentum level from 
the bias momentum level H FA 

-B 

(CH) = A summation of previous orbit's deviations 

H = Commanded dump maneuver momentum change -D 
= Dump factor 

= Actual dump maneuver momentum change 
KD 

'DED 
C.,C ,C = Dump law cjains 1 2 3  

Momentum Sampling 

As indicated in Fig. la, CMG momentum sampling occurs 
at positions 2 and 6 (290" from dump midnight) and positions 3 
and 5 (ji35" from dump r n i d n i g h t j .  The corresponding m o m e n t a  
are called g2, g3,  gs, and H . A plot of typical CMG y axis 
momentum variation during sampling is shown in Fig. lb. The 
variation is due mainly to gravity gradient torque. The difference 
between g2 and H -6 -5 
gravity gradient or other disturbance torques. 

-6 

(or g3 and H ) is due to bias components of the 

The orbital bias momentum, %, is defined as the change 
in CMG momentum over one orbit if dump maneuvers were not executed. 
Its estimate, gK, is calculated by 

H -K 
based on half orbit sampling, both halves may not be identical 
(aerodynamic torque, for example is not symmetrical with respect 
to the sampling positions 2 and 6). 

may differ from $ because,while the estimate is 

The CMG momentum level is defined as the average of €I3 

This level should be controlled in order to hold the CMG and Ill. 
momentum variation centered within the saturation limits. The 
optimal level depends upon the angle between the orbital plane 
and the 2 axis and upon the required dump maneuvers, for both 
affect the CMG momentum variation with respect to the vehicle 
axes. The level may also require shifting to a favorable value 
in preparation for Z-local-vertical maneuvers which require 
large CMG momentum swings. 
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The Mission Con t ro l  Center  w i l l  de t e rmine  t h e  o p t i m a l  
l e v e l  by moni tor ing  and p l o t t i n g  t h e  CMG momentum v a r i a t i o n s  
d u r i n g  f l i g h t .  The CMG l e v e l  w i l l  t h e n  be c o n t r o l l e d  by t h e  
i n p u t  of a b i a s  l e v e l ,  H , i n t o  t h e  ATM D i g i t a l  Computer. The 
purpose  of t h e  dump law is  t o  cause  t h e  a c t u a l  l e v e l  t o  converge 
t o  t h e  b i a s  l e v e l .  

-B 

The d e v i a t i o n  EA of t h e  a c t u a l  CMG momentum l eve l  
from t h e  b i a s  l e v e l  i s  c a l c u l a t e d  by 

H = ( H  + H ) / 2  - gB -A -3 -5 

The Y a x i s  components of H,, and H, a r e  i n d i c a t e d  -n -A i n  F i g .  l b .  

H -K 
t h e  N-Orbit dump laws. 

and gA a r e  i n p u t s  t o  both  t h e  S i n g l e - O r b i t  and 

Momentum DumD Laws 

Both l a w s  g e n e r a t e  a commanded dump maneuver momentum 
change H , where n r e f e r s  t o  t h e  n t h  o r b i t .  

For t h e  S ingle-Orbi t  l a w ,  
-D n 

H * =  -EA - H -D -K n n n 
( 3 )  

For t h e  N-Orbit law, 

where 

n-1 - + *755A n n-1 -A ( C H I  = ( C H I  

I t  i s  d e s i r e a b l e  f o r  each law t h a t  EA 

and H ) converge t o  t h e  given b i a s  l e v e l  €IB. 

converge t o  
n 

0 i n  t h e  s t e a d y  s t a t e ;  t h a t  i s ,  t h e  momentum l e v e l  ( ave raqe  of 
H How w e l l  t h i s  
-3 -5 
can be  accomplished w i t h  each l a w  w i l l  now be developed.  

- 

(5) 

*ATMDC Program D e f i n i t i o n  Document P a r t  I ,  S e c t i o n  1 0  
Rev i s ion  9 .  
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S i n g l e - O r b i t  Dump Law 

The S i n g l e  O r b i t  law may be w r i t t e n  as  

H = - C  H -D 1 -A n n 

= -C H 1 -An 

For bo th  dump 

= H  + 
-A n 

- H  
-K n 

- K  H 
O -On 

laws,  

where K accoun t s  f o r  t h e  f a c t  t h a t  due t o  approximat ions  used 

i n  c a l c u l a t i n g  t h e  dump maneuvers, t h e  a c t u a l  momentum dumped 
may n o t  e x a c t l y  e q u a l  t h e  commanded momentum dumped. 

D 

Taking z- t ransforms of  Eqs. 7 and 8 and assuming H 
-0 

t o  be c o n s t a n t  ove r  s e v e r a l  o r b i t s ,  

z k A = h  + -A 

where h d e n o t e s  t h e  z- t ransform of H .  - - 
Combining Eqs. 9 and 1 0 ,  

% z ( l - K D K O )  
h =  -A (Z-1) [ Z- ( l -CIKD) I 

By t h e  f i n a l  v a l u e  theorem, 

L i m  f ( n )  = L i m  { (z-1) F ( z )  1 
n- Z - t l  
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p rovided  t h a t  t h e  system i s  s t a b l e  ( F ( z )  has  no p o l e s  o u t s i d e  
t h e  u n i t  c i r c l e  and no double o r  h i g h e r  o r d e r  p o l e s  on t h e  u n i t  
c i r c l e ) .  

The re fo re ,  

% 1  
Lim EA 
n- n '1 KD 

= - (- - KO) 

Provided t h a t  

o r  

O < C  K <2.0  - 1 D- 

With C1 chosen equal  t o  1 . 0  (Eq. 3 ) ,  t h e  system i s  

s t ab le  and Eq. 1 3  i s  v a l i d  even w i t h  large i n a c c u r a c i e s  
( O < K  <2.0)  i n  t h e  dump maneuvers. - D- 

From Eq .  13 ,  H converges t o  O on ly  i f  KDKO = 1 . 0 ,  -A - 
n 

an  u n l i k e l y  co inc idence .  That EA i s  n o t  l i k e l y  t o  converge 
n 

t o  0 - could  have been a n t i c i p a t e d  by obse rv ing  (Eq. 8 )  t h a t  i f  
= 0 t h e  f i r s t  o r b i t ,  then  e x a c t l y  H must be dumped each 

-On 
- 

n EA 

o r b i t  t o  m a i n t a i n  HA = 0. But H w i l l  n o t  n e c e s s a r i l y  be 
-On 

- 
n 

dumped because €& (Eq. 6 )  i s  o n l y  a n  estimate of H and 
n -On 

fu r the rmore ,  t h e  a c t u a l  momentum dumped d o e s n ' t  n e c e s s a r i l y  
e q u a l  t h a t  commanded. 

Hence on subsequent  o r b i t s  H u l t i m a t e l y  b u i l d s  up -A n 
t o  a v a l u e ,  Eq. 13,  which when s u b s t i t u t e d  i n  Eq. 6 p r o v i d e s  
t h e  proper  command f o r  H t o  be dumped. 

-On 

(13) 
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N-Orbit Dump Law 

The N-Orbit law may be written as 

H = ( C H )  - H -D n -K n n 

where 

= ( C H )  - C H + C H  n 2-An+1 3 -An (CHI -n+1 - 

--, LaKing z-transforms of E q s .  17 and 1 8 ,  

z (Zh) = (Zh) - z C2zA + C3kA 

Combining E q s .  8, 19, and 20 

% z (l-KDKO) - 
- 2  z + z(C2KD-2) + (l-C K ) 

:A 
3 D  

1 
KD 

z ( K  - -) h (2-1) % 
(Zh) = + 

KD (2-1) 

By the final value theorem 

Lim EA = o  
n- n 

= -H /K - O D  Lim ED 
n- n 

1 Lim (ZH),= %(KO - -) 
n-tm KD 

(16) 

(24) 

(25) 

(26) 
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provided  t h a t  

For C2 = 1 . 0  and C 3  = 0 . 7 5  ( v a l u e s  i n  Eq. 51, t h e  system i s  
s t a b l e  and Eqs. 2 4 ,  2 5 ,  and 26 a r e  v a l i d  f o r  O<KD<2.25. 

convergence of i-i t o  0 t o l e r a t e s  i a r g e  i n a c c u r a c i e s  i n  the 

dump maneuvers. 
i s ,  how w e l l  t h e  o r b i t a l  b i a s  momentum i s  e s t i m a t e d .  

Hence 

-A - 
n 
A l s o ,  convergence i s  independent  of KO, t h a t  

Greater illisight i r i to  the operatioii of t h e  i i-Grbit  l a w  
can be ga ined  if Eq. 1 8  i s  r e w r i t t e n  as 

-C H + C3gA 
1 2-A 

- C H  + C H  2-A3 3-A2 

- C H  + C H  
2-An 3-An- 

- C H  r 2-An 
r=l 

By Eq. 1 6  
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The f i r s t  t e r m  on t h e  r i g h t  of E q .  29 ac t s  as a dummy var iab le  
which i n  s t e a d y  s t a t e  b u i l d s  up t o  a v a l u e  which p r o v i d e s  t h e  
p rope r  command H f o r  dumping H . A comparison of  Eq. 26  and 

Eq. 13  shows t h a t  it converges t o  t h e  same magnitude as does  
C H of t h e  S ing le -Orb i t  l a w .  T h i s  a l lows  EA of t h e  N-Orbit 

l a w  t o  converge t o  0. 

-On -D n 

1-An n 
- 

Conclus ions  

The N-Orbit dump law, i n  which t h e  commanded dump 
momentum i s  a f u n c t i o n  of sampled CMG momentum on p r e v i o u s  as 
w e l l  as t h e  c u r r e n t  o r b i t ,  causes  t h e  CMG momentum l e v e l  t o  
converge t o  t h e  i n p u t  b i a s  l e v e l  EB. Hence t h e  CMG l e v e l  can 

be c o n t r o l l e d  a c c u r a t e l y .  However, t h e  N-Orbit l a w  r e q u i r e s  
s l i g h t l y  g r e a t e r  computer c a p a c i t y  t h a n  t h e  S ing le -Orb i t  l a w .  

The S ing le -Orb i t  law, which depends on sampled CMG 
momentum from o n l y  t h e  c u r r e n t  o r b i t ,  i s  n o t  l i k e l y  t o  cause 
convergence of t h e  momentum l e v e l  t o  gB. 
upon how w e l l  t h e  o r b i t a l  b i a s  momentum i s  e s t i m a t e d  from h a l f  
o r b i t  sampling and how f a i t h f u l l y  t h e  commanded dump momentum 
i s  a c t u a l l y  dumped. 

The d e v i a t i o n  depends 

I f  t h e  leve l  converges t o  €IB, a s  i n  t h e  N - O r b i t  law, 

t h e n  €IB can be used d i r e c t l y  t o  c o n t r o l  t h e  l e v e l  t o  a d e s i r e d  
v a l u e .  I f  n o t ,  as  i n  t h e  S ingle-Orbi t  law, t h e n  t h e  s t e a d y  
s t a t e  d e v i a t i o n  must be p r e d i c t e d  and al lowed fo r  i n  a p p l y i n g  
H The r e a l  t i m e  d e v i a t i o n  w i l l  become a p p a r e n t  from t h e  -B 
Mission C o n t r o l  Center  CMG momentum p l o t s .  

If p r e - f l i g h t  computer s i m u l a t i o n s  i n d i c a t e  t h a t  t h e  
d e v i a t i o n  i s  n o t  e r r a t i c  ( t h a t  i s ,  KD and KO do n o t  change 
a b r u p t l y )  and can be p r e d i c t e d  w e l l  w i th  changing v e h i c l e  a t t i t u d e  
and d i s t u r b a n c e  to rque ,  t hen  t h e  S ing le -Orb i t  l a w  w i l l  s u f f i c e .  
I f  n o t ,  t h e  N - O r b i t  l a w  i s  r e q u i r e d .  

1022-WL-mef W.  Levidow 
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